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Abstract 
 
 
Geothermal energy in the Province of North Sulawesi in Indonesia has potential to 
produce 865 MW of electricity. One of the  geothermal prospects in North 
Sulawesi that has been developed to generate electricity is Lahendong geothermal 
field. Nine production wells have been drilled and produce two phase fluid 
(mixture between vapour and liquid) with temperature ranges from 250
oC to 
350
oC. Currently, three 20 MW geothermal power plants have been constructed 
(Unit 1, Unit 2, and Unit 3) in the field. Power plant Unit 1 and Unit 2 have been 
operated to supply electricity, while Unit 3 is still undergoing operational tests 
since April 2009. 
The main objective of this dissertation is to calculate the gross electrical power of 
production wells in Lahendong geothermal field by using thermodynamic analysis 
for a single-flash steam plant. Unfortunately, only data of seven production wells 
(LHD-8, LHD-10, LHD-11, LHD-12, LHD-15, LHD-17, and LHD-18) in June 
2008 are available. The data consist of daily average of wellhead pressure of each 
production well and daily average of combined flow rates of the steam from the 
seven production wells that is used to drive the turbines in power plant Unit 1 and 
Unit 2 during June 2008. Therefore, the calculation is conducted based on the 
available data.  
Two kinds of calculations are conducted in this dissertation. First, the calculation 
of gross electrical power of each production well; and second, the calculation of 
gross electrical power that can be generated by the combined flow rates of the 
steam from the production wells. All calculations are performed for a range of 
separator temperatures and sink temperatures, using multiplies of 5
oC.  
Mass flow rate of the geothermal fluid of each production well is not provided; 
accordingly, only the specific gross electrical power (kW/(kg/s)) of each well can 
be calculated. From the calculation, it is found that the steam produced by LHD-
18 has the lowest specific gross electrical power i.e. 26.12 kW/(kg/s), which is 
produced at reservoir temperature of 171.4
oC and sink temperature of 60
oC. The 
highest specific gross electrical power, 128.56 kW/(kg/s), is produced by LHD-17 
at reservoir temperature of 286.5
oC and sink temperature of 45
oC. The specific 
gross electrical power depends on the reservoir temperature (wellhead 
temperature), separator temperature, and sink temperature. 
Based on the data of daily average of total mass flow rate in June 2008, in normal 
condition, the steam supplied to power plant Unit 1 is almost equal to Unit 2 that 
is around 143 to 146 tonnes/hour. This flow rate enables each power plant to 
generate electricity from 14.13 MW to 21.33 MW.  Equipment failures will 
significantly reduce electricity production. 
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Chapter 1 Introduction 
 
1.1 Background 
Geothermal energy is derived from the heat from the interior of the Earth (Barbier 
2002). The energy produced from geothermal resources is renewable and clean 
(Gupta and Roy 2007). Geothermal energy is also very reliable that can provide 
energy continuously for a long period of time with competitive cost in meeting the 
energy demand (Chandrasekharam and Bundschuh 2008). 
Situated at tectonic plates boundaries, Indonesia is endowed with huge reserves of 
geothermal energy. The potential of this energy in Indonesia is estimated to be 
more than 27,000 MWe, which is the biggest geothermal energy reserve in the 
world (Hutabarat and Alfian  2008).  Compared  to the electricity demand of 
Indonesia, which is to be projected as high as 272.34 TWh in 2020 (average of 
31,089 MW) (Muchlis and Permana n.d.),  the geothermal energy can give 
significant contribution in providing electricity usage for Indonesian people. 
However, the utilization of geothermal energy in Indonesia is still very small. 
Even though the exploration of geothermal energy for generating electricity has 
been started more than two decades ago in some geothermal fields, there is only 
1,189  MW of electricity that has been generated from the  geothermal power 
plants in Indonesia (Magister Program in Geothermal Energy 2009). 2 
 
The enormous reserve and all advantages of geothermal energy should become 
strong reasons for the Indonesian government to fully support the exploration of 
geothermal resources and encourage the development of geothermal technologies. 
 
1.2 Problem Definition 
Province of North Sulawesi in Indonesia is estimated to have geothermal energy 
as much as 865 MWe  (Wahyuningsih 2005). One of the geothermal fields in 
North Sulawesi is located in Lahendong, which contains potential energy about 
530 MW (Pertamina Geothermal Energy 2009). Currently, Lahendong geothermal 
field is being developed by Pertamina Geothermal Energy (PGE), a subsidiary of 
PT Pertamina, the state-owned oil and gas company  of Indonesia. Two 
geothermal power stations have been operated with installed capacity of 20 MW 
each (Unit 1 and Unit 2) in that geothermal field. There is also a 20 MW power 
station (Unit 3) that has been undergoing operational testing since April 2009 
(Pertamina 2009). 
The exploration in Lahendong geothermal field is still continuing, and some new 
production and injection wells have been drilled in order to build new power 
plants. It is expected, in 2012, three more 20 MW power plants (Unit 4, Unit 5 
and Unit 6) will operate; therefore, 60 percent of the electricity demand of North 
Sulawesi will be generated by geothermal energy (Sadiman 2009).  
This dissertation assesses the gross electrical power that can be generated from the 
production wells in the Lahendong geothermal field. At first, the gross electrical 3 
 
power calculation will be performed for production wells which are projected to 
supply steam for the future power plants (Unit 4, Unit 5, or Unit 6). However, 
PGE only provided steam production data of June 2008 of seven production wells 
that supply steam to power plants Unit 1 and Unit 2. Therefore, the calculation of 
gross electrical power is made based on the available data. 
 
1.3 Objectives and Potential Contribution 
The objectives of this study are 
1.  to identify the characteristic of the geothermal energy resource in Lahendong 
geothermal field; 
2.  to identify the factors that affect the quantity of electricity  produced by 
production wells in Lahendong geothermal field; 
3.  to calculate the gross electric power that can be generated from production 
wells using thermodynamic analyses. 
This dissertation is a case study of gross electrical power calculation from the 
steam produced by production wells at Lahendong geothermal fields. If the data 
of production wells for the future power plants were provided, the gross electrical 
power would give important input for PGE Lahendong to make the initial design 
of the power plants. 
In this research, the results of the calculation can be useful for PGE Lahendong in 
evaluating the power produced from the existing power plants, particularly power 
plant  Unit 1 and Unit 2,  so that the potential of geothermal energy of the 4 
 
production wells at Lahendong geothermal field can be maximized.  The 
calculation is conducted in a range  of  separator temperatures and condenser 
temperatures. Accordingly, PGE Lahendong can consider at what temperatures 
the production of electricity from the power plants can be optimized.  
 
1.4 Structure of Dissertation 
This dissertation is organized with the following structure: 
Chapter 1: Introduction presents the background  of this study, problem 
definition, objectives and potential contribution, and the structure of the 
dissertation. 
Chapter  2: Geothermal Energy in Indonesia  introduces the potential and 
development of geothermal energy in Indonesia. It comprises the explanation of 
geothermal energy potential in Indonesia, history of geothermal exploration in 
Indonesia, and geothermal energy utilization target in Indonesia.  
Chapter 3: Lahendong Geothermal Field explains the geothermal potential in 
North Sulawesi in general, and then focuses on Lahendong geothermal field. It 
consists of explanation about geothermal energy in North Sulawesi, overview of 
Lahendong geothermal field,  exploration activities in Lahendong geothermal 
field, and geothermal power plants in Lahendong geothermal field. 
Chapter 4: Methodology explains the methods applied in this study to deal with 
the key elements of this dissertation. The key elements are characteristic of 
Lahendong geothermal field, properties and flow rates of steam, and procedure of 
gross electrical power calculation. 5 
 
Chapter 5: Gross Electric Power Calculation  presents  the explanation of 
geothermal power generating systems, the thermodynamic analysis used in the 
calculation, a calculation of gross electric power of one of the production wells at 
certain reservoir temperature, the results of gross electric power of all production 
wells, a calculation of gross electrical power calculation using daily combined 
flow rates of the production wells, and the limitations of the calculation methods. 
Chapter 6: Conclusion  presents the conclusions based on the analyses and 
calculations in the previous chapters. 
 
   6 
 
Chapter 2 Geothermal Energy in Indonesia 
 
2.1 Geothermal Energy Potential in Indonesia 
Indonesia lies at four lithosperic plates: Indo-Australian plate, Pacific plate, 
Philippine plate, and Eurasian plate (Procton n.d.). At the boundaries of the plates, 
five active volcanic arcs were formed, namely Sunda arc, Java arc, Inner Banda 
arc, Halmahera, and Sangihe arc (Hochstein and Sudarman 2008). From these 
volcanic arcs, geothermal energy can be extracted from hydrothermal convection 
systems because of high heat flows (Wahyuningsih 2005).  
Because of the existence of the volcanic areas, Indonesia has the biggest potential 
of geothermal energy in the world as 40 percent  of  the  geothermal energy 
potential of the world is located in Indonesian territory. Besides electricity, the 
geothermal energy can be used directly for non-electrical purpose, such as for 
crops drying (Asosiasi Panasbumi Indonesia 2004). 
Around 80 percent of the total potential of geothermal energy in Indonesia is 
stored in those 5 active volcanic arcs (Wahyuningsih 2005; Hochstein and 
Sudarman 2008). Figure  2.1 shows locations of the active volcanic arcs in 
Indonesia. 
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Figure 2.1 Active volcanic arcs in Indonesia (Hochstein and Sudarman 2008) 
 
 
The remaining 20 percent of the potential geothermal energy comes from non-
active volcanic areas in Sulawesi (43 locations), Bangka Belitung (3 locations), 
Kalimantan (3 locations), and Papua (2 locations) (Wahyuningsih 2005). 
 
2.2 History of Geothermal Exploration in Indonesia 
Most likely, the first reconnaissance survey of geothermal energy resources in 
Indonesia was conducted by Junghuhn more than 150 years ago. Then, during 
1900 to 1914, the Dutch colonial Geological Survey carried out mapping of 
Indonesian volcanoes together with their fumarole and solfatara fields (Hochstein 
and Sudarman 2008). In 1918, the idea for exploring geothermal resources to 
produce electricity was initially proposed by J.Z. van Dijk, a Dutchman geologist, 
in his published essays on energy resources in East Indies. After van Dijk’s 8 
 
essays, many other essays about the utilization of volcanic power were made by 
other authors (Asosiasi Panasbumi Indonesia 2004). 
In February 1926, Volcanological Section of the colonial Geological Survey of 
Indonesia conducted exploration drilling at the fumarole field at Kamojang crater, 
West Java. This is considered the first geothermal exploration drilling in 
Indonesia conducted by the colonial government of Netherlands East Indies 
(Asosiasi Panasbumi Indonesia 2004). In  the exploration, some drilled holes 
successfully produced geofluid (steam and hot water) (Hochstein and Sudarman 
2008).  
The exploration at Kamojang crater was followed by a series of other explorations 
during 1926, and it was continued until December 1928. The explorations were 
carried out at some fields in Western Java, namely the Manuk crater, Panggilingan 
crater, Barecek crater, and the Ciburilan crater. Many problems had occurred 
during the exploration, such as gas explosion, outpouring of mud and corrosive 
gases. Nevertheless, based on the exploration it was concluded that the utilization 
of the energy from geothermal fields in Indonesia was feasible (Asosiasi 
Panasbumi Indonesia 2004). 
Geothermal exploration was also carried out at  Dieng,  Central Java in 1928 
financed by Mines Department. After  this  exploration, there was no other 
exploration drilling conducted until 1972 (Hochstein and Sudarman 2008).  
The data obtained from the early exploration were used to list the geothermal 
fields so that further exploration could be carried out at those fields in the future. 
Geothermal  fields  that could be listed were Kamojang crater,  Dieng,  Mount 9 
 
Tampomas, Mount Salak, Mount Perbakti, and Cisolok (Hochstein and Sudarman 
2008).  
After Indonesia declared its independence in 1945, the Volcanological Section of 
the colonial Geological Survey of Indonesia was changed to Volcanological 
Survey of Indonesia (VSI). VSI conducted reconnaissance surveys of geothermal 
fields in the 1960s with the support of PLN and ITB (Bandung Institute of 
Technology) (Hochstein and Sudarman 2008). There was also geothermal 
exploration carried out by UNESCO Volcanological Mission to Indonesia that 
started in November 1964 and continued to January 1965 in Java and Bali. Some 
areas that were investigated during that time were Kamojang crater in West Java, 
Dieng mountains and Mount Muria in Central Java, and Banyuwedang in East 
Java. This mission was stopped in January 1965 because of the resignation of 
Indonesia from the United Nations (Asosiasi Panasbumi Indonesia 2004). 
In 1968, VSI finished the survey of the potential of geothermal resources in Java, 
Bali and Lampung (Asosiasi Panasbumi Indonesia 2004). From the results of the 
surveys, VSI produced a list of geothermal fields which have thermal 
manifestations. In the same year, VSI managed to compile a map of the 
geothermal fields in Java and Bali (Hochstein and Sudarman 2008). 
Exploration by foreign mission was continued again by Eurafrep mission. 
Accompanied by the experts from VSI, ITB and Power Research Institute of PLN, 
Eurafrep investigated the potential of geothermal in Dieng mountains, Kamojang 
crater, Bayah-Sukabumi (Cisolok-Cisukarame) area, Mount Tampomas 
(Conggeang), Mount Karang (Banten), Mount Kromong (Cirebon), and Bali. 10 
 
Japanese government also, through the Earthquake Research Institute, Tokyo 
University, together with VSI conducted a research to investigate the potential of 
geothermal energy at Mount Merapi. Indonesia also undertook some co-operative 
surveys with some other foreign experts, for instance experts from New Zealand, 
and with some other foreign survey team, such as Canadian International 
Development Agency (CIDA) (Asosiasi Panasbumi Indonesia 2004). 
Reconnaissance surveys for geothermal exploration in Sulawesi were started in 
1969 by Power Research Institute of PLN (Hochstein and Sudarman 2008). The 
surveys were conducted first in prospects in South Sulawesi (Asosiasi Panasbumi 
Indonesia 2004). In North Sulawesi, the exploration was first undertaken at 
Lahendong in 1976. (Sastradipoera and Hantono 2003). The exploration at 
Lahendong geothermal field will be presented in the following chapter. 
During 1969 – 1974, an effort to list the geothermal fields in Sumatra, Sulawesi, 
and Halmahera Islands was carried out by the VSI (Hochstein and Sudarman 
2008). The effort included temperature and pH measurement, chemical analysis of 
sample water, initial geological exploration and heat loss calculation of the 
investigated areas. In 1970 to 1971, the USA government, through the United 
States Geological Survey, sent some experts to conduct geophysical and 
geochemical research to develop the potential of geothermal energy at Dieng 
mountains, together with Indonesian experts from VSI, ITB and Power Research 
Institute of PLN. Then, from 1971 to 1972, six exploration drillings were carried 
out at six sites as a follow-up of the previous research. Data obtained from the 11 
 
drilled holes comprised lithology, temperature, and hydrology (Asosiasi 
Panasbumi Indonesia 2004).  
In 1971, some geothermal areas in Java and Bali which had been incorporated in 
the inventory of VSI were visited by a consultant group from New Zealand, 
Geothermal Energy Ltd. (GENZL). As a result of the visitation, reconnaissance 
surveys were proposed by GENZL to be done in some selected sites. Then, the 
proposal led to a bilateral aid project, known as Colombo Plan, financed by the 
Indonesian and New Zealand governments (Hochstein and Sudarman 2008). In 
Colombo Plan, New Zealand government provided US$670,000 for the 
development of geothermal potential in Indonesia. During the period of 1971 to 
1974, initial explorations were carried out by the Engineering Expert Association 
of New Zealand together with Indonesian experts from VSI. The explorations 
were conducted in West Java, Central Java, Bali, North Sulawesi, South Sulawesi, 
and South Sumatera. In the explorations, the experts investigated the geology, 
geochemistry, resistivity, and temperature of the prospects in those provinces 
(Asosiasi Panasbumi Indonesia 2004). 
During the period of 1969 –  1974, an inventory of geothermal resources of 
Sumatera, Java, Bali, Sulawesi and Halmahera was compiled (Asosiasi Panasbumi 
Indonesia 2004). The data from the sites were used in further geothermal 
exploration in Indonesia which was supported by international aid projects.  
After being studied since 1926, more comprehensive investigation was made at 
Kamojang geothermal field in 1972. The investigation included geochemical, 
geophysical, and geological mapping. As a result, the first geothermal power 12 
 
station in Indonesia was built at Kamojang, and the power station was officially 
opened on November 27, 1978 (Asosiasi Panasbumi Indonesia 2004). A 250 kW 
turbine was installed to generate electricity by using steam from well KMJ-6 
(Hochstein and Sudarman 2008). 
When global energy crisis took place in 1973, the Indonesian government tried to 
improve the utilization of geothermal energy resources. In 1974, Pertamina was 
assigned to conduct more surveys and exploration of geothermal resources in 
Indonesia, especially in Java. Geothermal Division was formed under Pertamina 
by the Indonesian government, and the Division started its duty by undertaking 
resistivity measurement, geological and geochemical investigation at Danau 
caldera in Banten (West Java). These activities were supported by VSI and a 
private company from Japan (Asosiasi Panasbumi Indonesia 2004). 
The first exploration drilling by Pertamina was conducted at Darajat crater on 
September 22, 1974, in cooperation with New Zealand’s ENEX. From 1974 to 
1979, with involvement of experts from VSI and New Zealand, five exploration 
wells and ten development wells were drilled at the area. In this project, the New 
Zealand government provided not only technical assistance but also financial aid 
and transfer of technology (Asosiasi Panasbumi Indonesia 2004). 
In 1981, Pertamina was assigned by the Indonesian government to conduct 
exploration of geothermal resources for electricity generation purpose in 
Indonesia (Asosiasi Panasbumi Indonesia 2004). In the same year, Pertamina was 
given a right to collaborate with local or international parties in doing the 
exploration (Hochstein and Sudarman 2008). Therefore, Pertamina, collaborated 13 
 
with other companies (e.g. Amoseas of Indonesia Inc., Unocal of North Sumatera 
Geothermal, Magma Nusantara Limited, etc.) and continued the exploration in 
some provinces in Indonesia, such as West Java, Central Java, and North 
Sumatera (Asosiasi Panasbumi Indonesia 2004). 
During 1980 to 1982, a 30 MW geothermal power station (Unit  1) was 
constructed at Kamojang geothermal field  (Hochstein and Sudarman 2008). This 
is the first commercial geothermal power station in Indonesia and officially began 
operating on January 29, 1983. Until 2007, four units of power plants had been 
built at Kamojang that produced 200 MW of electricity (Harsoprayitno 2008). 
Kamojang geothermal fields produced steam-dominated fluid with the best quality 
of steam in the world, because the steam is very dominant, and it contains high 
enthalpy but low non-condensable gas (NCG) with neutral pH (around 7). The 
average temperature and pressure at Kamojang’s reservoirs are 240
oC and 35 bar, 
respectively (Asosiasi Panasbumi Indonesia 2004). 
In 1987, VSI, in a New Zealand Aid Project, compiled an English version of 
geothermal inventory. There were 215 thermal sites and prospects incorporated 
into the list. Eleven years later, the inventory was upgraded because the number of 
thermal sites and geothermal prospects increased to 245 sites. In 1991, Indonesian 
government allowed Pertamina and its partners to construct and run geothermal 
power stations (Hochstein and Sudarman 2008).  
In order to accelerate geothermal exploration and development of geothermal 
power station, the Indonesian government encouraged overseas and private 
investors to build independent power projects (IPPs) in 1994. This approach was 14 
 
quite successful, although  in 1997 to 1998 the geothermal development was 
slowing down due to a financial crisis (Hochstein and Sudarman 2008). 
Presently, 256 geothermal sites have been identified and seven geothermal fields 
have been used to produce electricity (Richter 2009). The seven geothermal fields 
are (Harsoprayitno 2008) 
1.  Kamojang, West Java 
2.  Lahendong, North Sulawesi 
3.  Sibayak, North Sumatra 
4.  Mount Salak, West Java 
5.  Darajat, West Java 
6.  Wayang Windu, West Java 
7.  Dieng, Central Java 
 
In 2009, it was estimated that the total production of electricity from these 
geothermal fields is 1,189 MW (Magister Program in Geothermal Energy 2009).  
 
2.3 Geothermal Energy Utilization Target in Indonesia 
In 2004, the Indonesian government through the Ministry of Energy and Mineral 
Resources (MEMR) had set a “Road Map Development Planning of Geothermal 
Energy”  in  which the electricity production from geothermal resources was 
targeted to reach 6,500 MW in 2020 and 9,500 MW in 2025 (Engineering and 
Consulting Firms Association Japan 2008). The target of 9,500 MW in 2025 is 
reenacted in President Decree No. 5/2006, where the geothermal energy is 15 
 
projected to contribute to 5 percent of total national energy produced in that year 
(Harsoprayitno 2008). 
 
 
 
 
 
Figure 2.2 Target of Indonesia’s energy mix in 2025 (Harsopriyatno 2008) 
 
 
The Indonesian government has stipulated some policies to improve the utilization 
of geothermal energy. For example, a Geothermal Energy Law was enacted in 
2003 to encourage the involvement of private investors in geothermal business, 
Government Regulation No. 59/2007 on Geothermal Enterprise, Ministry 
Regulation No. 005/2007 on the Guidelines for Geothermal Preliminary Survey 
Assignment, Ministry Regulation No. 11/2008 on Mechanism for Determining of 
Geothermal Working Area, Ministry Regulation No. 14/2008 on Based Selling 
Price for Electricity for Geothermal Power Plant, and the latest is the Ministry 
Regulation No. 269-12/26/600.3/2008 that increased the economical price of 
electricity from geothermal energy to attract the involvement of private investor in 
geothermal business (Harsoprayitno 2008). 16 
 
Chapter 3 Lahendong Geothermal Field 
 
3.1 Geothermal Energy in North Sulawesi 
The source of geothermal energy in North Sulawesi lies at the southern part of 
Sangihe volcanic arc (Hochstein and Sudarman 2008) “in the north arm of 
Sulawesi Island” (Utami et al. 2005, 1) (see Figure 2.1 in Chapter 2). The 
potential geothermal energy that can be converted to electricity in North Sulawesi 
is estimated as much as 865 MW (Wahyuningsih 2005). Currently, three prospect 
areas have been explored, that are Lahendong, Tompaso, and Kotamobagu.  
 
 
 
 
 
 
 
 
Figure 3.1  Geothermal prospect map of Lahendong, Tompaso and Kotamobagu 
(Pertamina Geothermal Energy 2009) 
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The first geothermal exploration in North Sulawesi was conducted in Lahendong 
geothermal field in 1976 by VSI (Sastradipoera and Hantono 2003). The 
exploration in Tompaso and Kotamobagu were carried out during 1980s 
(Hochstein and Sudarman 2008). From the exploration, it was found that most of 
reservoirs in those sites produce liquid-dominated geofluid with different range of 
temperatures.  
At Lahendong geothermal field, the temperature of geofluid ranges from 250
oC to 
350
oC (Hochstein and Sudarman 2008). Further information about Lahendong 
geothermal field are presented in subchapter 3.2.  
As seen in Figure 2.1, Tompaso prospect is near the Lahendong geothermal field. 
The geothermal potential of Tompaso was indicated by some surface 
manifestations, such as fumaroles and hot springs (Pertamina Geothermal Energy 
2009). The exploration surveys of Tompaso prospect was started in 1982 
(Hochstein and Sudarman 2008). The reservoir temperature of Tompaso area is 
260
oC to 290
oC (Pertamina Geothermal Energy 2009). The prospect area of the 
geothermal field is around 15 km
2 with reservoir depth around 1200 m to 1500 m. 
The potential of electrical power in Tompaso prospect is estimated as much as 
130 MW (Pertamina Geothermal Energy 2009). 
Kotamobagu prospect located 180 km south of Manado city. The potential of 
geothermal resources in Kotamobagu prospect is shown by some surface 
manifestations; include fumaroles, solfatara, and hot springs. The exploration of 
Kotamobagu prospect was started in 1989 by Pertamina. It  was found that 
reservoir temperature at Kotamobagu prospect ranges from 260
oC to 280
oC in an 18 
 
estimated prospect area of 20 km
2. The geothermal reserve in Kotamobagu 
prospect is estimated around 310 MWe (Pertamina Geothermal Energy 2009). 
 
3.2 Overview of Lahendong Geothermal Field 
Lahendong geothermal field is situated at around 600 m to 900 m above the sea 
level, 30 km south of Manado, the capital of North Sulawesi province (Figure 
2.1). The field has six tectonic components: Pangolombian structure  (is the 
tectonic component where Pangolombian area is situated), North East-South West 
fault, East-West  fault, North  West-South  East  fault, North-South  fault, and 
circular structure (Widagda and Jagranatha 2005). 
Surface manifestations in Lahendong geothermal field are altered and steaming 
ground, acid sulfate hot springs, mud pots, mud pools and gas vents (Utami et al. 
2005, 1). It is estimated that Lahendong geothermal field has a potential of 
producing 170 MWe, with proven geothermal energy of 80 MWe (Tesha 2006). 
 
3.3 Exploration Activities in Lahendong Geothermal Field 
In 1976, VSI started the exploration activity in Lahendong geothermal field by 
conducting a sequence of geological, geochemical and geophysical surveys. After 
the surveys, two shallow testing wells were drilled near Lake Linau (Sastradipoera 
and Hantono 2003). Volcanological surveys were also carried out by PLN and 
experts from New Zealand. Later, in 1977-1978, the survey was continued by 
CIDA (Asosiasi Panasbumi Indonesia 2004). 19 
 
During 1981 to 1982, reconnaissance studies in Lahendong were done by a 
collaboration project between VSI and Japan International Cooperation Agency 
(JICA). The studies were completed by the drilling three holes (0.073 m diameter) 
at an area near Lake Linau.  The next exploration of the Lahendong geothermal 
field was continued by Pertamina in 1982 after being appointed by the Indonesia 
government in 1980. An 8 km
2 of low-resistivity area was found by resistivity 
surveys, and some acid hot springs and neutral-pH springs were founded by the 
geochemical surveys nearby the area. The temperature of the deep fluid was 
estimated up to 320
oC by gas geothermometer (Hochstein and Sudarman 2008). 
In 1983, a 2,200 m depth well was drilled in the west part of the low-resistivity 
area, near the acid hot springs. This was the first deep exploration well (LHD-1) 
in the Lahendong geothermal area. Acid chloride-sulfate water with temperature 
of 260
oC came out from the well when it was drilled to 660 m. At full depth, the 
maximum temperature of the fluid was 300
oC (Hochstein and Sudarman 2008). 
Five more deep exploration wells were drilled during 1983 to 1986. The depth of 
the wells ranged from 1900 m to 2200 m. From the wells it was found that the 
geofluid in Lahendong is liquid-dominated with maximum temperature of 350
oC. 
Away from the acid area, the wells discharged neutral-pH, chloride fluid. The 
flow rate of the fluid could reach 125 tonnes/hour with non-condensable content 
of less than 1 percent (by weight) (Hochstein and Sudarman 2008). Prior to 1987, 
seven exploration wells were drilled (Tesha 2006). 
Two more productive zones were identified in the exploration. One was only 450 
m depth and the other was 1200 m. In 1993, BPPT (Indonesian Technology 20 
 
Research Agency) built a binary plant near the production well LHD-5. However, 
after operating for several days, the 2.5 MWe plant failed, and it was never to 
operate again. During 1986 to 1995, only 5 deep wells were drilled (Hochstein 
and Sudarman 2008). 
 
3.4 Geothermal Power Plants in Lahendong Geothermal Field 
Three 20 MW geothermal power plants have been built in Lahendong geothermal 
field. The power plant Unit 1 has been operational since August 21, 2001. Unit 2 
began operations on April 15, 2009, and on the same date, operational tests were 
started in power plant Unit 3. These power plants are served by nine production 
wells and two injection wells, where seven production wells are supplying steam 
for power plant Unit 1 and Unit 2, and the other two are for Unit 3 (Media 
Pertamina 2009; PGE Lahendong 2008b). 
There is a plan to build three more 20 MW power plants in Lahendong geothermal 
field  (Unit 4) and in Tompaso prospect (Unit 5 and  Unit 6) (Pertamina 
Geothermal Energy 2009). It is projected the three geothermal power plants will 
be operational by 2012, so that in that time the six geothermal power plants can 
meet 60 percent of the electricity need in North Sulawesi Province (Sadiman 
2009). 
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Chapter 4 Methodology 
 
Some methods are used to obtain the key elements of this dissertation which are 
going to be discussed in order to meet the objectives of this study. The key 
elements comprise the characteristic of Lahendong geothermal field, properties 
and flow rates of the steam produced by production wells at Lahendong 
geothermal fields, and the procedure of gross electrical power calculation of the 
production wells. 
 
4.1 Characteristic of Lahendong Geothermal Field 
The characteristic  of Lahendong geothermal field could be obtained by doing 
literature surveys. The information about Lahendong geothermal field can be 
compiled from some books, journals, the internet sources, especially from reports 
or writing published by PGE Lahendong. 
Characteristics of the geothermal field are important in determining the type of the 
geothermal power generating system (dry-steam plant, single-flash plant, double-
flash plant, or binary plant, etc.). Different type of geothermal power generating 
system needs different thermodynamic analysis for the gross electrical power 
calculation. Thus, when the geothermal power generating system is determined, 
the proper thermodynamic analysis can be applied to do the calculation. 
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4.2 Properties and Flow Rates of Steam 
Properties (pressure, temperature, etc.) and flow rates of the steam produced from 
production wells are the parameters in the thermodynamic analysis. They could be 
obtained from the operation production report from PGE Lahendong, and also 
from published papers, articles and journals. 
 
4.3 Procedure of Gross Electrical Power Calculation 
Thermodynamic analyses are applied in calculating the gross electrical power of 
the production wells in this dissertation. The calculation is done in the following 
steps 
Step 1: Determine the type of the geothermal power generating system 
As mentioned before, this first step is important in determining the proper 
thermodynamic analysis applied to the calculation. Lahendong geothermal field 
produces liquid-dominated geothermal fluid (geofluid); therefore, single-flash 
systems are chosen. 
Step 2: Obtain the calculation data 
The input data in the calculation are wellhead pressures or wellhead temperatures, 
flow rates of the geofluid, and also the condenser pressure of the existing power 
plants. PGE have provided data of wellhead pressures of June 2008 for seven 
production wells, and also daily combined flow rates of the seven production 
wells  that supply steam to geothermal power plant Unit 1 and Unit 2. The 
condenser pressure is obtained from a report of PLN (Indonesia’s state-owned 23 
 
electricity utility company)  about a geothermal power plant in Lahendong 
geothermal field. 
Step 3: Determine the values of temperatures and enthalpies of the geofluid in 
wellheads 
By using the table of properties of saturated water, temperatures (reservoir 
temperatures) and enthalpies of the geofluid on wellheads can be determined. 
Step 4: Determine the values of temperatures in the condenser 
The geofluid pressure in the condenser is given. By using the table of properties 
of saturated water, the temperature in the separator at the given pressure can be 
found. Based on the temperature, a range of condenser temperatures is 
determined, and the calculation of gross electrical power will be performed in that 
range of temperatures. 
Step 5: Determine the values of temperatures in the separator 
The separator temperature is determined by taking the average of the reservoir 
temperature and condenser temperature. The gross electrical power will also be 
calculated in a range of separator temperatures. 
Step 6: Determine the values of enthalpies and geofluid’s quality in the separator.  
The enthalpies can be found from the table of properties of saturated water, and 
the quality of geofluid can be calculated based on the thermodynamics’ lever rule. 
Step 7: Determine the values of entropies, geofluid’s quality, isentropic turbine 
efficiency, and enthalpies in the condenser.  
The entropy can be found from the table of properties of saturated water based on 
the condenser temperature, and the geofluid’s quality can be determined based on 24 
 
the thermodynamics’ lever rule. From the entropy and geofluid’s quality, the 
enthalpy in the condenser can be calculated with an assumption that the isentropic 
turbine efficiency is 0.8. 
Step 8: Determine the generator efficiency 
The generator efficiency is assumed equal to 0.9. 
Step 9: Calculate the gross electrical power of production wells 
The gross electrical power is calculated by using the values of the generator 
efficiency, the enthalpies at the condenser and the separator, and the mass flow 
rates of the geofluid. If the flow rate of the geofluid is not available, the gross 
electrical power will be presented in kW/(kg/s that is known as the specific gross 
electrical power. 
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Chapter 5 Calculation of Gross Electrical Power 
 
5.1 Geothermal Power Generating Systems 
There are five geothermal power generating systems: dry-steam power plants, 
single-flash steam power plants, double-flash steam power plants, binary cycle 
power plants, and advanced geothermal energy conversion systems  (DiPippo 
2008). Dry-steam plants are used at wells that produce vapour-dominated (dry 
steam) geofluid. By using pipeline, the dry steam geofluid is channelled to a plant 
where it is utilised directly to drive turbines (DiPippo 1999). Single-flash and 
double flash steam power plants are commonly  used at moderate-  and high-
temperature liquid-dominated reservoirs. The geofluid must be flashed so that the 
liquid phase and vapour phase of the geofluid can be separated by separators. The 
vapour, then, is used to power turbines (DiPippo 2008). 
In single-flash steam power plants, the flashing process occurs only one time. In 
double-flash steam power plants, the flashing process is conducted twice, where 
the liquid phase resulted from the first flashing process is flashed again to produce 
more steam (DiPippo 1999). Therefore, in similar geofluid conditions, double-
flash steam plants can generate 15 – 25 percent more power output (DiPippo 
2008). 
Binary cycle power plants utilise secondary working fluid to drive turbines. The 
working fluid works in a closed cycle when it receives the thermal energy from 
the geofluid via a heat exchanger. Binary cycle power plants are used for low 26 
 
temperature reservoirs (less than 150
oC) or reservoirs that produce geofluid which 
contains dangerous gases (DiPippo 1999).  
There are some geothermal resources that cannot be effectively tapped to produce 
electricity by using the four basic systems described earlier. Therefore, the 
advanced geothermal energy conversion systems are used for such geothermal 
resources, because the systems can be designed to fit the condition of the 
geothermal resources. The systems are developed by combining the four basic 
systems. The examples of the advanced geothermal energy conversion systems 
are dry-steam/binary plants, single-flash/binary plants, integrated single-  and 
double-flash plant, etc (DiPippo 1999). 
As mentioned in the previous chapter, the geofluid in Lahendong geothermal field 
is two phase fluid (mixture between vapour and liquid) with temperature ranges 
from 250
oC to 350
oC. For that reason, a single-flash geothermal system is 
considered  suitable for generating electricity from the production wells at 
Lahendong geothermal field. Double-flash geothermal systems are more 
sophisticated and more expensive even though it can produce more electricity 
than the single flash system. Furthermore, until now, there are no geothermal 
power plants in Indonesia using double-flash steam systems (DiPippo 2008). 
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5.2 Thermodynamic Analysis 
Thermodynamic analysis is used to calculate gross electrical power of a 
geothermal resource based on the properties of its geofluid. The gross electrical 
power can be calculated after the enthalpies of the geofluid before and after the 
expansion process are known. Enthalpy is one of thermodynamic properties of a 
fluid which is the result of a combination of other properties, i.e. internal energy 
(U), pressure (p), and volume (V). Enthalpy (in kJ), denoted by the symbol H, can 
be defined as (Moran and Shapiro 2008, 95) 
H = U + pV  ................................................................................................   (1) 
In a unit mass basis, it can be written as (Moran and Shapiro 2008, 96) 
h = u + pv  ...................................................................................................   (2) 
where h is known as ‘specific enthalpy’ (in kJ/kg). 
Besides enthalpy, another property that important in this analysis is entropy. 
Entropy is a thermodynamic quantity that represents the degree of randomness of 
a system, and it is denoted by the symbol S (in kJ/K) (Brady and Humiston 1980, 
306). Entropy per unit mass or specific entropy (s, in kJ/kg.K) is also often used in 
thermodynamic analyses. The product of changes in entropy (∆S) and temperature 
(T, in Kelvin) is heat transfer (∆Q) (Moran and Shapiro 2008).  
The relation between entropy and enthalpy can be presented in the following 
equation ((Moran and Shapiro 2008, 261) 
T dS = H – V dP  .........................................................................................   (3) 
where V is the volume in m
3, and dP is changes in pressure in kN/m
2. 28 
 
The ideal thermodynamic processes in a single-flash system geothermal plant are 
presented in Figure 5.1. The sequence of processes consists of flashing process, 
separation process, expansion process, and condensing process. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.1  Temperature-entropy state diagram for single-flash plants (DiPippo 
2008, 92) 
 
 
Flashing process 
State 1 is the start of the processes which shows the properties of geofluid in the 
reservoir. In this ideal analysis, the geofluid at state 1 is saturated liquid. Then, the 
geofluid is flashed to state 2 by reducing the temperature in an isenthalpic process 
(constant enthalpy), which means the process is steady and spontaneous without 
involving heat and work. The flashing process takes place from the bottom of the 
reservoir to the inlet of a separator. By ignoring the change in kinetic and 
potential energy in the process, it can be written (DiPippo 2008) 
h1 = h2  ........................................................................................................   (4) 
where h is the specific enthalpy in kJ/kg. 
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Separation process 
In the flashing process, the geofluid changes from saturated fluid at state 1 to 
steam-water mixture at state 2. In this analysis, the ratio of the mass of steam to 
the total mass of the mixture is required later to determine the mechanical power 
produced by the turbine. The ratio in thermodynamics is also known as the quality 
of the mixture (x) (Moran and Shapiro 2008; DiPippo 2008). The quality of the 
mixture at state 2 can be determined based on the thermodynamics’ lever rule 
which is given by (DiPippo 2008) 
x2 =     ..................................................................................................   (5) 
After that, the geofluid at  state 2 undergoes separation process  at constant 
pressure which results saturated vapour at state 4 and saturated water at state 3. 
Expansion process 
The saturated vapour at state 4, then, expands to state 5. This process occurs in a 
turbine that makes the turbine rotates and produces work. By assuming there are 
no heat losses and no change in kinetic and potential energy in the inlet and outlet 
of the turbine, the work per unit mass of the vapour flowing through the turbine 
can be calculated (DiPippo 2008) 
wt  = h4 – h5   ...............................................................................................   (6) 
In an adiabatic and reversible expansion process, the maximum work that can be 
produced by the turbine is given by (DiPippo 2008) 
wmax  = h4 – h5s   ..........................................................................................   (7) 30 
 
From the two “works” above, the isentropic turbine efficiency can be written as 
(DiPippo 2008) 
ηt =     .................................................................................................   (8) 
In general, the value of ηt ranges from 0.7 to 0.9 (Moran and Shapiro 2008, 298). 
The mechanical power produced by the turbine can be calculated from (DiPippo 
2008) 
   ...........................................................................   (9) 
where   is the mass flow rate of the vapour from state 4 to state 5s and   is 
the total mass flow rate of the mixture of vapour and water at state 2. 
The power produced by the turbine drives a generator to produce electricity. The 
gross electrical power generated by the generator is lower than   because it also 
depends on the efficiency of the generator: (DiPippo 2008) 
  .................................................................................................   (10) 
Condensing process 
The geofluid at state 5 is condensed to state 6 where the vapour-dominated 
geofluid is converted to saturated liquid (state 6) at constant temperature and 
constant pressure (DiPippo 2008). 
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5.3 Gross Electrical Power Calculation of Each Production Well 
PGE Lahendong only gave steam production data of June 2008 that includes 
wellhead pressure of seven production wells (LHD-8, LHD-10, LHD-11, LHD-
12, LHD-15, LHD-17, and LHD-18) and daily combined flow rates of the seven 
production wells in June 2008. Steam from the seven production wells is utilized 
to drive turbines in geothermal power plant Unit 1 and Unit 2 (PGE Lahendong 
2008b). Calculation of gross electrical power using the daily average of combined 
flow rates for each power plant will be presented in subchapter 5.5. 
Mass flow rate of the geofluid of each production well is not provided; therefore, 
in this section, the gross electrical power of each production well will be 
presented in kW/(kg/s) that is known as the specific gross electrical power. To 
calculate the potential of the specific gross electrical power of the production 
wells, it is assumed that a turbine is installed at each production well. So, the 
specific gross electrical power generated by the turbine will be the potential 
specific gross electrical power that could be produced from the production well. It 
is assumed that the geofluid at wellhead of all the production wells is saturated 
water.  The  properties of the geofluid, such as pressure  (p), temperature  (T), 
specific enthalpy (h) and specific entropy (s), can be obtained from the table of 
properties of saturated water (see Appendix). 
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Table 5.1 Wellhead pressure of seven production wells in June 2008 at 
Lahendong geothermal field (PGE Lahendong 2008a) 
Date  Wellhead pressure (ksc) 
LHD-8   LHD-10   LHD-11   LHD-12   LHD-15   LHD-17   LHD-18  
1  17.0  36.8  19.0  31.0  38.1  11.0  12.5 
2  17.5  36.8  17.6  31.0  38.0  11.0  12.4 
3  17.5  36.2  18.3  31.0  38.0  11.0  12.5 
4  17.0  36.5  17.5  32.0  38.0  11.0  12.4 
5  17.0  36.3  17.6  32.0  38.0  11.0  12.3 
6  17.0  36.5  17.6  34.0  38.0  26.0  8.4 
7  15.0  36.8  36.6  55.0  38.0  38.5  13.1 
8  16.0  36.8  36.6  56.0  38.0  47.0  26.5 
9  15.5  36.8  38.7  57.0  38.0  51.0  33.0 
10  16.0  36.8  38.7  58.0  38.0  53.0  27.8 
11  16.0  36.9  38.7  58.0  38.0  54.0  30.0 
12  16.0  37.0  38.7  48.0  38.0  54.3  31.8 
13  16.0  37.0  40.7  58.0  38.0  53.7  32.9 
14  16.0  37.0  41.5  59.0  38.0  53.8  32.3 
15  16.0  37.2  41.5  59.0  38.0  53.8  34.4 
16  16.0  37.3  41.5  58.0  38.0  53.0  36.5 
17  18.0  37.3  41.5  59.0  38.1  72.0  47.0 
18  16.0  37.5  41.5  59.0  38.0  72.0  48.0 
19  15.5  38.7  41.1  59.0  38.0  9.7  12.9 
20  15.5  37.8  42.2  60.0  38.0  11.0  13.2 
21  15.5  37.9  41.5  48.0  38.0  11.4  13.2 
22  16.0  37.8  40.8  48.0  38.0  11.2  13.2 
23  16.0  37.8  40.8  47.0  38.0  11.3  13.1 
24  16.0  37.8  40.8  48.0  38.0  11.3  13.0 
25  16.5  37.8  41.5  47.5  38.0  11.2  13.0 
26  16.0  37.8  42.2  47.5  38.0  11.5  13.1 
27  16.5  37.9  28.1  37.0  38.0  11.6  13.2 
28  16.5  37.8  28.1  36.0  38.0  11.5  13.1 
29  16.0  37.8  18.1  37.0  38.0  11.6  13.2 
30  16.0  37.9  28.1  37.0  38.0  11.6  13.2 
 
As seen in Table 5.1, wellhead pressures of the production wells are varied. The 
calculation of specific gross electrical power will be performed for the minimum 
and maximum temperatures (or pressures) in a range of separation temperatures 
and a range of condensing temperatures, both of them in multiplies of 5
oC. This is 
done as an anticipation of temperature changes at the turbine and the condenser in 
the actual condition, and also to identify the separation temperature at which the 
optimal specific gross electrical power is produced. In addition, it is easier to find 33 
 
other properties of the geofluid in the table of properties of saturated water, if the 
temperatures are in multiplies of 5
oC. 
Since the calculation method for all production wells is similar,  only the 
calculation of specific gross electrical power of LHD-8 at certain reservoir, 
separator and condenser temperatures will be provided in this dissertation. The 
results of all production wells will be presented in tables and graphs. 
For an early estimation, the separator temperature is calculated by taking the 
average of the wellhead temperature (reservoir temperature) and the condenser 
temperature (sink temperature). The sink temperature is estimated based on the 
pressure at the condenser used in the existing power plant that is 0.11 bar (PLN 
2003). Since the geofluid from all wells will pass the condenser in the power 
plant, the value of sink temperature used in the calculation for each well is the 
same. By assuming the fluid at condenser is saturated water, the temperature of 
the fluid at condenser can be determined from the table of saturated water that is 
47.2
oC.  
Wellhead pressure of LHD-8 ranges from 15 ksc to 18 ksc (14.7 bar to 17.7 bar). 
From the table of properties of saturated water, it can  be estimated that the 
temperatures of the geofluid in the wellhead of LHD-8 range from 197.2
oC to 
205.9
oC. 
Based on the early estimation, the calculation is conducted in a range of condenser 
temperatures  (sink temperature), 45
oC to 60
oC in multiplies of 5
oC, which 
includes the estimated temperature (47.2
oC).  These sink temperatures (45
oC, 
50
oC, 55
oC, and 60
oC) are used in the calculation for all reservoir temperatures. 34 
 
 For reservoir temperature of 197.2
oC and sink temperature of 45
oC, the separator 
temperature is 121.1
oC. Therefore, the calculation will also be carried out in a 
range of separator temperatures  in multiplies of 5
oC  where the determined 
separator temperature, in this case is 121.1
oC, is in the range. The range of the 
separator temperature consists of twelve values that starts from 95
oC to 150
oC 
(see Table 5.2). In this section, the calculation of specific gross electrical power of 
LHD-8 will be presented at reservoir temperature of 197.2
oC, separator 
temperature of 115
oC, and sink temperature of 45
oC.  
It is found from the table of properties of saturated water that the enthalpy of 
saturated liquid of the geofluid (state 1 in Figure 5.1) at temperature of 197.2
oC is 
839.9 kJ/kg . From state 1 the geofluid is flashed to state 2 at constant enthalpy (h2 
=  h1  = 839.9 kJ/kg). Temperature at state 2 is the temperature of separation 
process that is 115
oC, which is also the temperature of the geofluid at the state 3 
and state 4. State 3 is the saturated liquid state of the geofluid which has been 
separated from the geofluid in the form of saturated vapour at state 4. So, the 
enthalpies of the saturated liquid (h3) and saturated vapour (h4) at 115
oC that are 
482.51 kJ/kg and 2698.9 kJ/kg, respectively. Then, based on Equation (5), the 
quality of the geofluid at state 2 can be calculated: x2 = (h2 – h3) / (h4 – h3) =  
(839.9 – 482.51) / (2698.9 – 482.51) = 0.161. 
From state 4, the geofluid is expanded to state 5 which is the state where the 
geofluid is about to be condensed. As seen in the Figure 5.1, the temperature of 
the geofluid at state 5 is the temperature of the condensing process, i.e., the sink 
temperature (45
oC). Enthalpy at state 5 is determined by using Equation (8) with 35 
 
an assumption that the isentropic turbine efficiency (ηt) is 0.8 (see page 28). At 
first, h5s is determined by using the values of the sink temperature (T5s = T5 = 
45
oC) and the entropy at state 5s. Since the expansion of the geofluid from state 4 
to state 5s is an ideal process, the entropy is not changing. So, from the table of 
properties of saturated water, it is found that s4  =  s5s  = 7.1842 kJ/kg.K. To 
calculate the enthalpy at state 5s, the quality of the geofluid at state 5s must be 
determined by using the values of entropies at state 6 and 7. Then, based on the 
lever rule from thermodynamics, the quality of the geofluid at state 5s is given by, 
x5s = (s5s – s6) / (s7 – s6). 
As can be seen in the Figure 5.1, the state 6 is the saturated liquid state of the 
geofluid, and state 7 shows that the geofluid is in saturated vapour state where 
both states occurs at the sink temperature (45
oC). From the saturated water table, 
it is found that s6 and s7 are 0.6387 kJ/kg.K and 8.1648 kJ/kg.K, respectively; 
therefore, x5s can be calculated is equal to 0.870. Then, the enthalpy at state 5s is 
given by, h5s = hf + x5s(hg – hf), where hf is the enthalpy at saturated liquid state 
and hg is the enthalpy at saturated vapour state. From the properties of saturated 
water table, it is found that at sink temperature of 45
oC, hf = 188.45 kJ/kg, and hg 
= 2583.2 kJ/kg. So, h5s = 2271.16 kJ/kg. To calculate the enthalpy at state 5, 
Equation (8) is rewritten as, h5 = h4 – ηt(h4 – h5s). Thus, h5 = 2698.9  – 0.8 (2698.9  
– 2271.16) = 2356.71 kJ/kg. 
Since there is no data about mass flow rate ( , only the specific power output of 
turbine and generator that can be calculated by using Equation (6) and (9). 
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The specific power of turbine is 
 = x2 (h4 – h5) = 0.161 (2698.9  – 2356.71) = 55.18 kW/(kg/s) 
By assuming the generator efficiency is 0.9  (Chavis n.d.), the specific gross 
electrical power   
 = 0.9 x 55.18 = 49.66 kW/(kg/s). 
 
5.4 Results of the Calculation for Each Production Well 
5.4.1 LHD-8 
The minimum and maximum reservoir temperatures of LHD-8 are 197.2
oC and 
205.9
oC, respectively. The difference of the two temperatures (8.7
oC)  is quite 
small, which shows that the potential of power produced by LHD-8 is quite stable 
during June 2008. The results of the calculation of the two reservoir temperatures 
are presented in Table 5.2 and Table 5.3.  
5.4.1.1 Reservoir temperature = 197.2
oC 
 
As shown in the calculation above, the early estimation of separator temperature 
and sink temperature are 121.1
oC and 47.2
 oC. The calculation is conducted in a 
range of separator temperatures  (Tseparator) in multiplies of 5
oC for each sink 
temperature of 45
oC, 50
oC, 55
oC, and 60
oC. 
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Table 5.2 Specific gross electrical power of LHD-8 at reservoir temperature of 
197.2
oC  
Tseparator (
oC)  Specific gross electrical power  (kW/(kg/s)) 
Tsink = 45
oC  Tsink = 50
oC  Tsink = 55
oC  Tsink = 60
oC 
95  45.30  40.57  35.89  31.26 
100  47.07  42.58  38.14  33.74 
105  48.33  44.08  39.87  35.71 
110  49.25  45.24  41.26  37.33 
115  49.66  45.88  42.13  38.43 
120  49.73  46.17  42.66  39.19 
125  49.31  45.98  42.70  39.45 
130  48.55  45.46  42.40  39.38 
135  47.33  44.46  41.63  38.83 
140  45.76  43.13  40.52  37.94 
145  43.76  41.35  38.96  36.61 
150  41.41  39.23  37.07  34.94 
 
 
As seen in the Table 5.2, the calculation at each sink temperature is carried out for 
12 variations of separator temperatures from 95
oC to 150
oC. At sink temperature 
of 45
oC, the maximum specific gross electrical power of is 49.73 kW/(kg/s), and 
at 50
oC is 46.17 kW/(kg/s), both of them occurred at separator temperature of 
120
oC. At sink temperature of 55
oC and 60
oC, the maximum results, respectively, 
are 42.70 kW/(kg/s) and 39.45 kW/(kg/s), that happens at separator temperature of 
125
oC.  
The results in Table 5.2 are plotted in a graph so that the difference of the results 
of each sink temperature can be clearly seen. 
 
 
 
 
 
 
 38 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.2  Specific gross electrical power of LHD-8 at reservoir temperature of 
197.2
oC  
 
 
The graph in Figure 5.2 shows that the lower the sink temperature, the greater the 
specific gross electrical power. This happens because lower sink temperature at 
certain separator temperature produces higher difference of enthalpy at separator 
and at condenser (h4 – h5) which is the work produced by a turbine that can be 
used to generate electricity. 
 
5.4.1.2 Reservoir temperature = 205.9
oC 
 
The early estimation for separator temperature is (205.9 + 45)/2 = 125.45
oC. In 
the calculation of this reservoir temperature, the separator temperatures are 
determined ranges from 110
oC to 165
oC.  
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Table 5.3 Specific gross electrical power of LHD-8 at reservoir temperature of 
205.9
oC  
Tseparator (
oC)  Specific gross electrical power  (kW/(kg/s)) 
Tsink = 45
oC  Tsink = 50
oC  Tsink = 55
oC  Tsink = 60
oC 
110  54.37  49.93  45.55  41.21 
115  55.12  50.92  46.77  42.66 
120  55.54  51.57  47.65  43.77 
125  55.46  51.72  48.03  44.38 
130  55.05  51.54  48.08  44.65 
135  54.16  50.88  47.64  44.43 
140  52.94  49.89  46.87  43.89 
145  51.26  48.44  45.64  42.89 
150  49.25  46.65  44.09  41.55 
155  46.79  44.43  42.08  39.77 
160  44.01  41.86  39.75  37.65 
165  40.78  38.87  36.98  35.11 
 
 
As seen from Table 5.3, the maximum specific gross electrical power at sink 
temperature of 45
oC is 55.54 kW/(kg/s), at 50
oC is 51.72 kW/(kg/s), 55
oC is 48.08 
kW/(kg/s), and 65
oC is 44.65 kW/(kg/s). Figure 5.3 below shows the graph of the 
results. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.3  Specific gross electrical power of LHD-8 at reservoir temperature of 
205.9
oC 
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5.4.2 LHD-10 
The reservoir temperatures on June 2008 range from 243.4
oC to 247.3
oC. The 
difference is only 3.9
oC which indicates the variation of potential energy that can 
be generated from LHD-10 on June 2008 is small.  
5.4.2.1 Reservoir temperature= 243.4
oC 
 
The first estimated separator temperature in this reservoir temperature is (243.4 + 
45)/2 = 144.2
oC. Then, the separator temperatures are determined from 125
oC to 
180
oC. 
Table 5.4 Specific gross electrical power of LHD-10 at reservoir temperature of 
243.3
oC  
Tseparator (
oC)  Specific gross electrical power  (kW/(kg/s)) 
Tsink = 45
oC  Tsink = 50
oC  Tsink = 55
oC  Tsink = 60
oC 
125  82.79  77.21  71.69  66.24 
130  83.91  78.56  73.28  68.05 
135  84.50  79.39  74.33  69.33 
140  84.78  79.90  75.07  70.29 
145  84.57  79.91  75.31  70.75 
150  84.04  79.61  75.23  70.90 
155  83.03  78.83  74.67  70.57 
160  81.71  77.74  73.80  69.92 
165  79.93  76.18  72.47  68.80 
170  77.83  74.30  70.82  67.37 
175  75.27  71.97  68.71  65.49 
180  72.39  69.32  66.28  63.29 
 
 
The specific gross electrical power  of sink temperature of 45
oC reaches the 
maximum value (84.78 kW/(kg/s)) at separator temperature of 140
oC. For sink 
temperature of 50
oC is 79.91 kW/(kg/s) and of 55
oC is 75.31 kW/(kg/s), both of 
them occur at separator temperature of 145
oC. The maximum specific gross 
electrical power of sink temperature of 60
oC is 70.90 kW/(kg/s) at separator 
temperature of 150
oC. The graph of the results of the four variations of sink 
temperature is presented in Figure 5.4. 41 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.4  Specific gross electrical power of LHD-10 at reservoir temperature of 
243.3
oC 
 
5.4.2.2 Reservoir temperature= 247.3
oC 
The range of separator temperature  used for the calculation of this reservoir 
temperature is the same as in the calculation of the previous reservoir (125
 oC to 
180
oC), because the difference between the two reservoir temperatures is small. 
Table 5.5 Specific gross electrical power of LHD-10 at reservoir temperature of 
247.3
oC  
Tseparator (
oC)  Specific gross electrical power  (kW/(kg/s)) 
Tsink = 45
oC  Tsink = 50
oC  Tsink = 55
oC  Tsink = 60
oC 
125  85.71  79.94  74.23  68.58 
130  87.00  81.46  75.98  70.56 
135  87.75  82.44  77.19  72.00 
140  88.20  83.11  78.09  73.12 
145  88.14  83.28  78.48  73.74 
150  87.77  83.14  78.57  74.05 
155  86.92  82.52  78.17  73.87 
160  85.75  81.58  77.45  73.38 
165  84.12  80.17  76.27  72.41 
170  82.18  78.46  74.78  71.14 
175  79.77  76.28  72.82  69.41 
180  77.05  73.78  70.55  67.36 
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From the results, it is found that the maximum specific gross electrical power at 
sink temperatures of 45
oC, 50
oC, 55
oC, and 60
oC are 88.20 kW/(kg/s) at 140
oC, 
83.28  kW/(kg/s)  at 145
oC, 78.57 kW/(kg/s)  at 150
oC, and 88.20 kW/(kg/s)  at 
150
oC, respectively. The results are plotted in the graph in Figure 5.5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.5  Specific gross electrical power of LHD-10 at reservoir temperature of 
247.3
oC 
 
5.4.3 LHD-11 
Based on the June 2008 data, the difference between the lowest and  highest 
reservoir temperatures (204.5
oC and 252.4
oC) is large (47.9
oC). This indicates the 
potential of power produced by LHD-11 varies widely. 
5.4.3.1 Reservoir temperature= 204.5
oC 
As the first estimation, the separator temperature in this reservoir temperature is 
(204.5
oC + 45
oC)/2 = 124.75
oC. The separator temperature used in this calculation 
is started from 110
oC, and ended at 165
oC. 43 
 
Table 5.6 Specific gross electrical power of LHD-11 at reservoir temperature of 
204.5
oC  
Tseparator (
oC)  Specific gross electrical power  (kW/(kg/s)) 
Tsink = 45
oC  Tsink = 50
oC  Tsink = 55
oC  Tsink = 60
oC 
110  53.54  49.17  44.85  40.58 
115  54.23  50.10  46.01  41.97 
120  54.59  50.69  46.84  43.02 
125  54.46  50.79  47.16  43.57 
130  53.99  50.55  47.15  43.79 
135  53.05  49.84  46.66  43.52 
140  51.77  48.79  45.84  42.92 
145  50.04  47.28  44.56  41.86 
150  47.97  45.44  42.94  40.47 
155  45.47  43.16  40.89  38.64 
160  42.62  40.55  38.50  36.47 
165  39.35  37.50  35.68  33.87 
 
 
As can be seen from the results presented in Table 5.6, the maximum specific 
gross electrical power at sink temperature of 45
oC is 54.59 kW/(kg/s) at separator 
temperature of 120
oC, at sink temperature of 50
oC is 50.79 kW/(kg/s) at 125
oC, at 
sink temperature of 55
oC is 47.16 kW/(kg/s) at 125
oC, and at sink temperature of 
60
oC is 43.79 kW/(kg/s) at 130
oC. The results in Table 5.6 are plotted in the graph 
in Figure 5.6. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.6  Specific gross electrical power of LHD-11 at reservoir temperature of 
204.5
oC 44 
 
5.4.3.2 Reservoir temperature= 252.4
oC 
The first estimated separator temperature for this reservoir temperature is (252.4 + 
45)/2 = 148.7
oC. Therefore, the calculation is carried out at separator temperature 
from 125
oC to 180
oC. 
Table 5.7 Specific gross electrical power of LHD-11 at reservoir temperature of 
252.4
oC  
Tseparator (
oC)  Specific gross electrical power  (kW/(kg/s)) 
Tsink = 45
oC  Tsink = 50
oC  Tsink = 55
oC  Tsink = 60
oC 
125  89.60  83.56  77.59  71.69 
130  91.10  85.30  79.56  73.89 
135  92.06  86.49  80.98  75.53 
140  92.72  87.38  82.10  76.88 
145  92.87  87.76  82.70  77.70 
150  92.72  87.83  83.00  78.22 
155  92.07  87.41  82.80  78.24 
160  91.11  86.68  82.29  77.96 
165  89.69  85.48  81.31  77.20 
170  87.95  83.96  80.03  76.14 
175  85.75  81.99  78.28  74.61 
180  83.23  79.70  76.21  72.76 
 
 
The highest value of specific gross electrical power for sink temperature of 45
oC 
is 92.87 kW/(kg/s) at separator temperature of 145
oC. For sink temperature of 
50
oC is 87.83 kW/(kg/s) and for 55
oC is 83.00 kW/(kg/s), both of them at 150
oC. 
For sink temperature of 60
oC, the maximum value is 78.24 kW/(kg/s) at 155
oC. 
Figure 5.7 below shows the graph of the results. 
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Figure 5.7  Specific gross electrical power of LHD-11 at reservoir temperature of 
252.4
oC 
 
 
5.4.4 LHD-12 
According to monthly report of June 2008, the highest reservoir temperature of 
LHD-12 is 274.2
oC and the lowest is 234.6
oC. The difference is quite high 
(39.9
oC) which indicates the power produced by LHD-12 during the month varied 
in the course of the month. 
5.4.4.1 Reservoir temperature= 234.6
oC 
The first estimation of reservoir temperature is the average between 234.6
oC and 
45
oC that is 139.8
oC. In this calculation, the specific gross electrical power is 
calculated for separator temperature from 125
oC to 180
oC. 
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Table 5.8 Specific gross electrical power of LHD-12 at reservoir temperature of 
243.6
oC  
Tseparator (
oC)  Specific gross electrical power  (kW/(kg/s)) 
Tsink = 45
oC  Tsink = 50
oC  Tsink = 55
oC  Tsink = 60
oC 
125  76.22  71.09  66.01  60.99 
130  76.98  72.08  67.23  62.43 
135  77.22  72.54  67.92  63.35 
140  77.14  72.69  68.30  63.95 
145  76.57  72.35  68.18  64.06 
150  75.69  71.70  67.75  63.86 
155  74.33  70.57  66.85  63.17 
160  72.66  69.12  65.63  62.17 
165  70.53  67.22  63.95  60.71 
170  68.08  64.99  61.95  58.93 
175  65.18  62.32  59.50  56.71 
180  61.95  59.32  56.72  54.16 
 
 
The maximum specific gross electrical power for sink temperature of 45
oC is 
77.22 kW/(kg/s) at separator temperature of 135
oC. For sink temperatures of 50
oC 
is 72.69 kW/(kg/s) and 55
oC is 68.30 kW/(kg/s), both of them occur at separator 
temperature of 140
oC. For sink temperature of 60
oC, the maximum value is 64.06 
kW/(kg/s) at 145
oC. Figure 5.8 shows the results in a graph. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.8  Specific gross electrical power of LHD-12 at reservoir temperature of 
243.6
oC 
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5.4.4.2 Reservoir temperature= 274.2
oC 
 
The first estimated reservoir temperature of this reservoir temperature is (274.2 + 
45) / 2 = 159.6
oC. Then, the specific gross electrical power is calculated in a range 
of 140
oC to 195
oC. 
Table 5.9 Specific gross electrical power of LHD-12 at reservoir temperature of 
274.2
oC   
Tseparator (
oC)  Specific gross electrical power  (kW/(kg/s)) 
Tsink = 45
oC  Tsink = 50
oC  Tsink = 55
oC  Tsink = 60
oC 
140  112.60  106.11  99.69  93.35 
145  113.66  107.40  101.21  95.09 
150  114.43  108.40  102.43  96.54 
155  114.68  108.88  103.14  97.47 
160  114.64  109.06  103.55  98.10 
165  114.11  108.76  103.46  98.23 
170  113.29  108.15  103.08  98.07 
175  111.98  107.07  102.22  97.43 
180  110.37  105.69  101.06  96.49 
185  108.29  103.83  99.42  95.07 
190  105.90  101.67  97.48  93.35 
195  103.05  99.04  95.08  91.16 
 
 
As seen from Table 5.9, the maximum specific gross electrical power of sink 
temperature of 45
oC is 114.68 kW/(kg/s) at separator temperature of 155
oC. For 
sink temperatures of 50
oC and 55
oC, the maximum values are 109.06 kW/(kg/s) 
and 103.55 kW/(kg/s), respectively, at the separator temperature of 160
oC. For 
sink temperature of 60
oC, the highest value is 98.23 kW/(kg/s) at 165
oC. The 
results from Table 5.9 are plotted in the graph in Figure 5.9. 
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Figure 5.9  Specific gross electrical power of LHD-12 at reservoir temperature of 
274.2
oC 
 
5.4.5 LHD-15 
The reservoir temperatures of LHD-15 during June 2008 are very stable. Most of 
the time, the daily average of reservoir temperature is 246.2
oC. Only two days in 
the month the reservoir temperatures rise to 246.3
oC. The difference is very small 
(0.1
oC). 
5.4.5.1 Reservoir temperature= 246.2
oC 
The separator temperature is estimated at 145.6
oC (the average between 246.2
oC 
and 45
oC). The calculation is conducted in a range of separator temperatures from 
125
oC to 180
oC. 
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Table 5.10 Specific gross electrical power of LHD-15 at reservoir temperature of 
246.2
oC   
Tseparator (
oC)  Specific gross electrical power  (kW/(kg/s)) 
Tsink = 45
oC  Tsink = 50
oC  Tsink = 55
oC  Tsink = 60
oC 
125  84.88  79.16  73.51  67.92 
130  86.12  80.64  75.21  69.85 
135  86.83  81.57  76.38  71.24 
140  87.23  82.20  77.23  72.32 
145  87.13  82.33  77.58  72.89 
150  86.71  82.14  77.62  73.16 
155  85.82  81.47  77.18  72.93 
160  84.61  80.49  76.42  72.40 
165  82.93  79.04  75.19  71.39 
170  80.95  77.28  73.65  70.07 
175  78.50  75.06  71.66  68.30 
180  75.73  72.52  69.34  66.20 
 
For sink temperature of 45
oC, the maximum specific gross electrical power is 
87.23 kW/(kg/s) at separator temperature of 140
oC, and for sink temperature of 
50
oC is 82.33 kW/(kg/s) at separator temperature of 145
oC. The maximum values 
for sink temperatures of 55
oC and 60
oC are 77.62 kW/(kg/s) and 73.16 kW/(kg/s), 
respectively, at separator temperature of 150
oC. The results are presented in the 
graph in Figure 5.10. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.10  Specific gross electrical power of LHD-15 at reservoir temperature 
of 246.2
oC   50 
 
5.4.5.2 Reservoir temperature= 246.3
oC 
The separator temperatures used in the calculation of this reservoir temperature is 
exactly the same with the previous reservoir temperatures, since the difference 
between the two reservoir temperatures is very small. 
Table 5.11 Specific gross electrical power of LHD-15 at reservoir temperature of 
246.3
oC   
Tseparator (
oC)  Specific gross electrical power  (kW/(kg/s)) 
Tsink = 45
oC  Tsink = 50
oC  Tsink = 55
oC  Tsink = 60
oC 
125  84.96  79.24  73.58  67.98 
130  86.21  80.72  75.29  69.92 
135  86.92  81.66  76.45  71.31 
140  87.32  82.29  77.31  72.40 
145  87.22  82.42  77.67  72.97 
150  86.81  82.24  77.71  73.24 
155  85.92  81.57  77.27  73.02 
160  84.72  80.59  76.52  72.49 
165  83.05  79.15  75.29  71.49 
170  81.06  77.39  73.76  70.17 
175  78.62  75.17  71.77  68.40 
180  75.86  72.64  69.46  66.31 
 
 
The highest value of specific gross electrical power for sink temperature of 45
oC 
is 87.32 kW/(kg/s) at separator temperature of 140
oC, and for sink temperature of 
50
oC is 82.42 kW/(kg/s) at 145
oC. For sink temperature of 55
oC and 60
oC, the 
maximum values are at separator temperature of 150
oC. The values are 77.71 
kW/(kg/s) for 55
oC, and 73.24 for the other one. The graph of the specific gross 
electrical power of this reservoir temperature is presented in Figure 5.11. 
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Figure 5.11  Specific gross electrical power of LHD-15 at reservoir temperature 
of 246.3
oC   
 
 
5.4.6 LHD-17 
The highest and lowest reservoir temperatures of LHD-17 in June 2008 are 
286.5
oC and 177.7
oC. The difference of the two temperatures is the largest among 
the production wells that is 108.8
oC. This shows that LHD-17 could produce a 
wide range of power. 
5.4.6.1 Reservoir temperature= 177.7
oC 
The separator temperature is estimated at 111.35
oC (the average between 177.7
oC 
and 45
oC). The range of reservoir temperature used in the calculation of this 
reservoir temperature is from 95
oC to 150
oC. 
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Table 5.12 Specific gross electrical power of LHD-17 at reservoir temperature of 
177.7
oC    
Tseparator (
oC)  Specific gross electrical power  (kW/(kg/s)) 
Tsink = 45
oC  Tsink = 50
oC  Tsink = 55
oC  Tsink = 60
oC 
95  36.40  32.60  28.84  25.12 
100  37.36  33.80  30.27  26.78 
105  37.84  34.51  31.21  27.96 
110  37.96  34.87  31.80  28.77 
115  37.60  34.73  31.90  29.10 
120  36.89  34.25  31.65  29.07 
125  35.72  33.31  30.93  28.58 
130  34.20  32.02  29.86  27.74 
135  32.23  30.28  28.35  26.45 
140  29.92  28.20  26.50  24.81 
145  27.19  25.69  24.21  22.75 
150  24.11  22.84  21.58  20.34 
 
 
For sink temperatures of 45
oC and 50
oC, the maximum specific gross electrical 
power is produced at separator temperature of 110
oC, and for 55
oC and 60
oC, it is 
at 115
oC. The specific gross electrical powers of 45
oC, 50
oC, 55
oC, and 60
oC are 
37.96  kW/(kg/s), 34.87 kW/(kg/s), 31.90 kW/(kg/s), and 29.10 kW/(kg/s), 
respectively. Figure 5.12 shows the results in a graph. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.12  Specific gross electrical power of LHD-17 at reservoir temperature 
of 177.7
oC 
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5.4.6.2 Reservoir temperature= 286.5
oC 
This is the highest temperature produced by the production wells in June 2008. 
The first estimation for separator temperature is (286.5 + 45) / 2 = 165.75
oC. The 
calculation is conducted at separator temperature from 145
oC to 200
oC. 
Table 5.13 Specific gross electrical power of LHD-17 at reservoir temperature of 
286.5
oC    
Tseparator (
oC)  Specific gross electrical power  (kW/(kg/s)) 
Tsink = 45
oC  Tsink = 50
oC  Tsink = 55
oC  Tsink = 60
oC 
145  125.95  119.01  112.16  105.38 
150  127.27  120.56  113.93  107.37 
155  128.06  121.57  115.17  108.83 
160  128.56  122.30  116.12  110.00 
165  128.56  122.52  116.56  110.67 
170  128.27  122.46  116.72  111.04 
175  127.49  121.90  116.38  110.92 
180  126.42  121.06  115.76  110.52 
185  124.87  119.73  114.64  109.62 
190  123.02  118.10  113.24  108.44 
195  120.69  116.00  111.36  106.78 
200  118.07  113.60  109.18  104.82 
 
 
The maximum value of specific gross electrical power for sink temperature of 
45
oC is 128.56 kW/(kg/s) at separator temperature of 160
oC. For sink temperature 
of  50
oC, the value is 122.52 kW/(kg/s)  at separator temperature 165
oC. The 
maximum values for 55
oC and 60
oC are 116.72 kW/(kg/s) and 111.04 kW/(kg/s), 
respectively, occur at separator temperature of 170
oC. The results are plotted in 
Figure 5.13. 
 
 
 
 
 54 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.13  Specific gross electrical power of LHD-17 at reservoir temperature 
of 286.5
oC  
 
5.4.7 LHD-18 
The minimum reservoir temperature during June 2008 in LHD-18 is 171.4
oC, and 
the maximum is 260.2
oC. The difference is large that is 88
oC. It is more likely the 
power produced from LHD-18 is widely varied.
 
5.4.7.1 Reservoir temperature= 171.4
oC 
The first estimation of separator temperature is 108.2
oC, which is the average of 
171
oC and 45
oC. Then, it is determined the calculation is conducted at separator 
temperature of 90
oC to 145
oC. 
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Table 5.14 Specific gross electrical power of LHD-18 at reservoir temperature of 
171.4
oC    
Tseparator (
oC)  Specific gross electrical power  (kW/(kg/s)) 
Tsink = 45
oC  Tsink = 50
oC  Tsink = 55
oC  Tsink = 60
oC 
90  32.43  28.68  24.98  21.31 
95  33.56  30.06  26.59  23.16 
100  34.26  31.00  27.76  24.56 
105  34.49  31.45  28.45  25.48 
110  34.36  31.56  28.78  26.04 
115  33.75  31.18  28.63  26.12 
120  32.79  30.45  28.13  25.84 
125  31.38  29.26  27.17  25.11 
130  29.62  27.73  25.86  24.02 
135  27.42  25.76  24.12  22.49 
140  24.87  23.44  22.02  20.62 
145  21.90  20.69  19.50  18.32 
 
 
The maximum specific gross electrical power for sink temperature 45
oC is 34.49 
kW/(kg/s) at separator temperature of 105
oC. At separator temperature of 110
oC, 
the maximum specific gross electrical power is produced for each sink 
temperature of 50
oC and 55
oC that are 31.56 kW/(kg/s) and 28.78 kW/(kg/s), 
respectively, For sink temperature of 60
oC, the maximum value (26,12 kW/(kg/s)) 
occurs at separator temperature of 115
oC. All the results from Table 5.14 are 
plotted in the graph in Figure 5.14. 
 
 
Figure 5.14  Specific gross electrical power of LHD-18 at reservoir temperature 
of 171.4
oC   
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5.4.7.2 Reservoir temperature= 260.2
oC 
The average of 260.2
oC and 45
oC (152.6
oC) is used as the first estimation for 
separator temperature in the calculation of this reservoir temperature. So, it is 
determined the range of separator temperature applied in this calculation is from 
130
oC to 185
oC. 
Table 5.15 Specific gross electrical power of LHD-18 at reservoir temperature of 
260.2
oC     
Tseparator (
oC)  Specific gross electrical power  (kW/(kg/s)) 
Tsink = 45
oC  Tsink = 50
oC  Tsink = 55
oC  Tsink = 60
oC 
130  97.42  91.21  85.08  79.01 
135  98.71  92.73  86.82  80.98 
140  99.69  93.95  88.27  82.66 
145  100.16  94.65  89.19  83.80 
150  100.33  95.04  89.82  84.65 
155  100.00  94.94  89.93  84.99 
160  99.37  94.53  89.75  85.03 
165  98.25  93.64  89.08  84.58 
170  96.84  92.45  88.11  83.83 
175  94.95  90.79  86.67  82.61 
180  92.75  88.82  84.93  81.09 
185  90.09  86.38  82.71  79.09 
 
 
The highest specific gross electrical power for sink temperature of 45
oC and 50
oC 
are produced at separator temperature of 150
oC. The maximum values are 100.33 
kW/(kg/s) for 45
oC, and 95.04 kW/(kg/s) for 50
oC. For sink temperature of 55
oC, 
the maximum value is 89.93 kW/(kg/s) at 155
oC, and for sink temperature of 
60
oC, the value is 85.03 kW/(kg/s) at separator temperature of 160
oC. Figure 5.15 
shows the graph of the specific gross electrical power presented in Table 5.15. 
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Figure 5.15  Specific gross electrical power of LHD-18 at reservoir temperature 
of 260.2
oC    
 
 
5.5   Gross Electrical Power Calculation Using Daily  Combined 
Flow Rates of the Production Wells 
In this section, the gross electrical power is calculated based on the daily 
combined flow rates data of steam from the seven production wells in June 2008 
that is used to power the turbines in geothermal power plant Unit 1 and Unit 2. 
The daily combined flow rates of steam for power plant Unit 1 are provided in 
Table 5.16, and for Unit 2 in Table 5.17. 
The flow rates presented in the tables are the total of geofluid flow rates of the 
seven production wells from the separators to the turbines. The geofluid is already 
in the form of pure steam that is used to drive the turbines. 
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Table 5.16  Daily combined flow rates of geofluid from the production wells in 
June 2008 to supply geothermal power plant Unit 1 (PGE Lahendong 
2008a) 
Date  Flow rate (tonnes/hour)  Date  Flow rate (tonnes/hour) 
1  145  16  146 
2  144  17  146 
3  143  18  146 
4  144  19  145 
5  146  20  146 
6  146  21  145 
7  146  22  146 
8  146  23  146 
9  146  24  145 
10  146  25  144 
11  146  26  135 
12  146  27  146 
13  146  28  146 
14  146  29  146 
15  146  30  146 
 
As seen in Table 5.16, most of the time, the daily average combined flow rates of 
the geofluid to power plant Unit 1 in June 2008 was in a range of 143 tonnes/hour 
to 146 tonnes/hour. Only one day (day 26) the flow rate decreased to 135 
tonnes/hour. There is no information about the cause of the decrease of flow rate. 
Table 5.17  Daily combined flow rates of geofluid from the production wells in 
June 2008 to supply geothermal power plant Unit 2 (PGE Lahendong 
2008a) 
Date  Flow rate (tonnes/hour)  Date  Flow rate (tonnes/hour) 
1  145  16  0 
2  146  17  0 
3  143  18  0 
4  144  19  0 
5  145  20  0 
6  44  21  67 
7  0  22  73 
8  0  23  73 
9  0  24  73 
10  0  25  73 
11  0  26  115 
12  0  27  146 
13  0  28  116 
14  0  29  146 
15  0  30  146 
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Table 5.17 shows that the daily combined flow rates for power plant Unit 2 in 
some days are the same with the flow rate for Unit 1. At day 1 to day 5, the daily 
average total mass flow rate for geothermal power plant Unit 2 in June 2008 
ranged from 143 tonnes/hour to 146 tonnes/hour. The flow rate at day 6 was 
reduced to 44 tonnes/hour to prepare a temporary shutdown of power plant Unit 2 
in the following day up to day 20. During the time, the plant underwent a general 
inspection of the turbine. In day 21 the power plant was operated again, but from 
that day to day 25, the steam flow rate was so low due to hot pump damage at the 
cooling tower. At day 26 the flow rate increased to 115 tonnes/hour. In that day, 
loading adjustments was carried out. In the next day, the steam that powered the 
turbine was supplied at optimum rate (146 tonnes/hour). Because of loading 
adjustments and pump maintenance, the flow rate in day 28 was down to 116 
tonnes/hour. In day 29 and 30, the flow rate was back to normal (PGE Lahendong 
2008b). 
Separator and condenser temperatures are determined based on the specification 
of the turbine and condenser used in the existing power plant, where the separator 
temperature is 170.4
oC, and the condenser temperature is 47.2
oC (PLN 2003). In 
this calculation, the gross electrical power will be conducted in a range of 
separator temperatures from 150
oC to190
oC in multiplies of 5
oC, and condenser 
temperatures of 45
oC, 50
oC, 55
oC, and 60
oC. Since the mass flow rate of the 
steam ( ) has been determined, the gross electrical power only depends on the 
enthalpies of the steam in the separator (state 4) and condenser (state 5). 60 
 
In this dissertation, only one calculation of gross electrical power will be provided 
that is the gross electrical power of the geofluid supplied to power plant Unit 1 
with flow rate of 135 tonnes/hour (37.62 kg/s), at separator temperature of 170
oC 
and condenser temperature of 45
oC. However, all the results of gross electrical 
power will be presented in tables. 
From the table of properties of saturated water, it is found that the enthalpy of 
saturated vapour of geofluid at separator temperature (state 4) of 170
oC is 2768.7 
kJ/kg (h4) and the entropy is 6.6663 kJ/kg.K (s4). The steam is expanded by the 
turbine until its temperature decreases to condenser temperature of 45
oC (state 5). 
By assuming the expansion process is ideal, so the entropy at separator is the 
same with at condenser, that is 6.6663 kJ/kg.K (s5s, see Figure 5.1). At condenser 
temperature of 45
oC, the entropy and enthalpy at saturated liquid state (state 6) are 
0.6387 kJ/kg.K (s6) and 188.45 kJ/kg (h6), and at saturated vapour state (state 7), 
the entropy (s7) is 8.1648 kJ/kg.K and enthalpy is 2583.2 kJ/kg (h7). From the 
values of entropies, the quality of the geofluid at state 5s can be calculated by 
using the principle of the thermodynamics’ lever rule: x5s = (s5s – s6) / (s5s – s6) = 
(6.6663 – 0.6387) / (8.1648 – 0.6387) = 0.801.  
So, entropy at state 5s (h5s) can be calculated, and the result is 2106.39 kJ/kg. 
Enthalpy at state 5 (h5) is calculated by using Equation (8) with an assumption 
that the isentropic turbine efficiency (ηt) is equal to 0.8 (see page 28); therefore, h5 
= 2238.85 kJ/kg. With steam flow rate of 37.62 kg/s  , the power produced by 
the turbine can be calculated as:   =   (h4 – h5) = 37.62 kg/s (2768.7 – 2238.85) 
kJ/kg = 19.93 MW. For generator efficiency of 0.9  (Chavis n.d.), the gross 61 
 
electrical power produced by a generator ( ) is equal to 17.94 MW. All the 
results of gross electrical power of each mass flow rate for the determined 
separator and sink temperatures are presented in tables in the following sections. 
 
5.5.1  Gross electrical power from the steam supplied to geothermal power 
plant Unit 1 
Table 5.16 shows that the daily combined flow rates for power plant Unit 1 take 
on values of either 135 tonnes/hour, 143 tonnes/hour, 144 tonnes/hour, 145 
tonnes/hour, and 146 tonnes/hour. The results of gross electrical power calculation 
for each flow rate are presented in Table 5.18 to 5.22. 
 
Table 5.18 Gross electrical power of the production wells at flow rate of 135 
tonnes/hour 
Tseparator (
oC)  Gross electrical power (MW) 
Tsink = 45
oC  Tsink = 50
oC  Tsink = 55
oC  Tsink = 60
oC 
150  15.86  15.02  14.20  13.38 
155  16.20  15.37  14.55  13.74 
160  16.93  16.11  15.29  14.49 
165  17.26  16.44  15.63  14.83 
170  17.94  17.13  16.33  15.53 
175  18.26  17.45  16.65  15.86 
180  18.89  18.09  17.30  16.52 
185  19.20  18.40  17.62  16.84 
190  19.79  18.99  18.21  17.44 
 
 
Table 5.19 Gross electrical power of the production wells at flow rate of 143 
tonnes/hour 
Tseparator (
oC)  Gross electrical power (MW) 
Tsink = 45
oC  Tsink = 50
oC  Tsink = 55
oC  Tsink = 60
oC 
150  16.75  15.86  14.99  14.13 
155  17.10  16.23  15.36  14.50 
160  17.88  17.01  16.15  15.30 
165  18.22  17.36  16.50  15.66 
170  18.94  18.08  17.24  16.40 
175  19.27  18.42  17.58  16.75 
180  19.95  19.10  18.26  17.44 
185  20.27  19.43  18.60  17.78 
190  20.89  20.05  19.23  18.41 
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Table 5.20 Gross electrical power of the production wells at flow rate of 144 
tonnes/hour 
Tseparator (
oC)  Gross electrical power (MW) 
Tsink = 45
oC  Tsink = 50
oC  Tsink = 55
oC  Tsink = 60
oC 
150  16.86  15.97  15.10  14.23 
155  17.22  16.34  15.47  14.61 
160  18.00  17.12  16.26  15.40 
165  18.35  17.48  16.62  15.77 
170  19.07  18.21  17.36  16.51 
175  19.41  18.55  17.70  16.87 
180  20.09  19.23  18.39  17.56 
185  20.41  19.57  18.73  17.90 
190  21.04  20.19  19.36  18.54 
 
 
Table 5.21 Gross electrical power of the production wells at flow rate of 145 
tonnes/hour 
Tseparator (
oC)  Gross electrical power (MW) 
Tsink = 45
oC  Tsink = 50
oC  Tsink = 55
oC  Tsink = 60
oC 
150  16.98  16.08  15.20  14.33 
155  17.34  16.45  15.58  14.71 
160  18.13  17.24  16.37  15.51 
165  18.47  17.60  16.73  15.88 
170  19.21  18.34  17.48  16.63 
175  19.54  18.68  17.83  16.98 
180  20.23  19.37  18.52  17.68 
185  20.56  19.70  18.86  18.03 
190  21.18  20.33  19.50  18.67 
 
 
Table 5.22 Gross electrical power of the production wells at flow rate of 146 
tonnes/hour 
Tseparator (
oC)  Gross electrical power (MW) 
Tsink = 45
oC  Tsink = 50
oC  Tsink = 55
oC  Tsink = 60
oC 
150  17.10  16.20  15.30  14.42 
155  17.46  16.57  15.68  14.81 
160  18.25  17.36  16.48  15.62 
165  18.60  17.72  16.85  15.99 
170  19.34  18.46  17.60  16.74 
175  19.68  18.81  17.95  17.10 
180  20.37  19.50  18.65  17.80 
185  20.70  19.84  18.99  18.15 
190  21.33  20.48  19.63  18.80 
 
 
As seen in Table 5.18 to 5.22, based on the monthly report data of June 2008 from 
PGE Lahendong, the seven production wells in Lahendong geothermal field could 
produce gross electrical power around 14.13 MW to 21.33 MW  in normal 63 
 
condition of 143 tonnes/hour to 146 tonnes/hour. This depends on the flow rate of 
the geofluid, and temperature of the geofluid at separator and condenser. 
 
5.5.2  Gross electrical power from the steam supplied to geothermal power 
plant Unit 2 
As presented in Table 5.16 and Table 5.17, the daily average total mass flow rates 
for geothermal power plant Unit 2 in June 2008 are more varied than for Unit 1. 
The flow  rates are 44 tonnes/hour, 67 tonnes/hour, 73 tonnes/hour,  115 
tonnes/hour, 116 tonnes/hour, 143 tonnes/hour, 144 tonnes/hour, 145 tonnes/hour, 
and 146 tonnes/hour.  
The gross electrical power from the flow rates of 143 tonnes/hour to 146 
tonnes/hour has been presented in Table 5.19 to 5.22. So, the following tables will 
present the results from other flow rates. 
 
Table 5.23 Gross electrical power of the production wells at flow rate of 44 
tonnes/hour 
Tseparator (
oC)  Gross electrical power (MW) 
Tsink = 45
oC  Tsink = 50
oC  Tsink = 55
oC  Tsink = 60
oC 
150  5.15  4.88  4.61  4.35 
155  5.26  4.99  4.73  4.46 
160  5.50  5.23  4.97  4.71 
165  5.61  5.34  5.08  4.82 
170  5.83  5.56  5.30  5.05 
175  5.93  5.67  5.41  5.15 
180  6.14  5.88  5.62  5.37 
185  6.24  5.98  5.72  5.47 
190  6.43  6.17  5.92  5.67 
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Table 5.24 Gross electrical power of the production wells at flow rate of 67 
tonnes/hour 
Tseparator (
oC)  Gross electrical power (MW) 
Tsink = 45
oC  Tsink = 50
oC  Tsink = 55
oC  Tsink = 60
oC 
150  7.85  7.43  7.02  6.62 
155  8.01  7.60  7.20  6.80 
160  8.38  7.97  7.56  7.17 
165  8.54  8.13  7.73  7.34 
170  8.87  8.47  8.08  7.68 
175  9.03  8.63  8.24  7.85 
180  9.35  8.95  8.56  8.17 
185  9.50  9.10  8.71  8.33 
190  9.79  9.40  9.01  8.63 
 
Table 5.25 Gross electrical power of the production wells at flow rate of 73 
tonnes/hour 
Tseparator (
oC)  Gross electrical power (MW) 
Tsink = 45
oC  Tsink = 50
oC  Tsink = 55
oC  Tsink = 60
oC 
150  8.55  8.10  7.65  7.21 
155  8.73  8.28  7.84  7.40 
160  9.13  8.68  8.24  7.81 
165  9.30  8.86  8.42  7.99 
170  9.67  9.23  8.80  8.37 
175  9.84  9.40  8.97  8.55 
180  10.18  9.75  9.32  8.90 
185  10.35  9.92  9.50  9.08 
190  10.66  10.24  9.82  9.40 
 
Table 5.26 Gross electrical power of the production wells at flow rate of 115 
tonnes/hour 
Tseparator (
oC)  Gross electrical power (MW) 
Tsink = 45
oC  Tsink = 50
oC  Tsink = 55
oC  Tsink = 60
oC 
150  13.47  12.76  12.06  11.36 
155  13.75  13.05  12.35  11.66 
160  14.38  13.68  12.98  12.30 
165  14.65  13.96  13.27  12.59 
170  15.23  14.54  13.86  13.19 
175  15.50  14.82  14.14  13.47 
180  16.04  15.36  14.69  14.02 
185  16.30  15.63  14.96  14.30 
190  16.80  16.13  15.46  14.81 
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Table 5.27 Gross electrical power of the production wells at flow rate of 116 
tonnes/hour 
Tseparator (
oC)  Gross electrical power (MW) 
Tsink = 45
oC  Tsink = 50
oC  Tsink = 55
oC  Tsink = 60
oC 
150  13.58  12.87  12.16  11.46 
155  13.87  13.16  12.46  11.77 
160  14.50  13.79  13.10  12.41 
165  14.78  14.08  13.39  12.70 
170  15.37  14.67  13.98  13.30 
175  15.64  14.94  14.26  13.59 
180  16.18  15.49  14.82  14.15 
185  16.44  15.76  15.09  14.42 
190  16.95  16.27  15.60  14.94 
 
 
5.5.3  Gross  electrical power generated by the steam from the seven 
production wells 
As explained before, from the specification of the turbine and condenser used in 
the existing power plants, it is known that the separator and condenser 
temperatures are 170.4
oC and 47.2
oC, respectively (PLN 2003). In this section, the 
gross electrical power is calculated based on the separator temperature of 170
oC 
and condenser temperature of 45
oC, because they are close to the values in the 
specification. The results of daily gross electrical power produced by the seven 
production wells through the two power plants in June 2008 will be presented in 
Table 5.28.  
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Table 5.28 Gross electrical power produced by the geothermal power plants Unit 
1 and Unit 2 
Date 
Flow rate (tonnes/hour)  Daily average gross electrical power (MW) 
Unit 1  Unit 2  Unit 1  Unit 2  Total 
1  145  145  19.21  19.21  38.42 
2  144  146  19.07  19.34  38.41 
3  143  143  18.94  18.94  37.88 
4  144  144  19.07  19.07  38.14 
5  146  145  19.34  19.21  38.55 
6  146  44  19.34  5.83  25.17 
7  146  0  19.34  0  19.34 
8  146  0  19.34  0  19.34 
9  146  0  19.34  0  19.34 
10  146  0  19.34  0  19.34 
11  146  0  19.34  0  19.34 
12  146  0  19.34  0  19.34 
13  146  0  19.34  0  19.34 
14  146  0  19.34  0  19.34 
15  146  0  19.34  0  19.34 
16  146  0  19.34  0  19.34 
17  146  0  19.34  0  19.34 
18  146  0  19.34  0  19.34 
19  145  0  19.21  0  19.21 
20  146  0  19.34  0  19.34 
21  145  67  19.21  8.87  28.08 
22  146  73  19.34  9.67  29.01 
23  146  73  19.34  9.67  29.01 
24  145  73  19.21  9.67  28.88 
25  144  73  19.07  9.67  28.74 
26  135  115  17.94  15.23  33.17 
27  146  146  19.34  19.34  38.68 
28  146  116  19.34  15.37  34.71 
29  146  146  19.34  19.34  38.68 
30  146  146  19.34  19.34  38.68 
 
Low flow rates due to some problems in power plant Unit 2 caused low 
production of gross electrical power. However, in normal condition, the mass flow 
rate of the steam supplied to the turbines in power plant Unit 1 is almost the same 
with in Unit 2; therefore, gross electrical power generated by each power plant is 
almost equal. 67 
 
5.5.4  Comparison between calculated gross electrical power and the actual 
electrical power generated by the geothermal power plant Unit 1 and 
Unit 2 
The result of the calculation of gross electrical power is compared to the actual 
electrical power in table 5.29. 
Table 5.29 Comparison between the calculated gross electrical power and the 
actual electrical power produced by the geothermal power plant Unit 1 
and Unit 2 
Date 
Unit 1  Unit 2 
Calculated 
gross 
electrical 
power 
(MW) 
Actual 
electrical 
power
*) 
(MW) 
Difference 
in 
percentage 
Calculated 
gross 
electrical 
power 
(MW) 
Actual 
electrical 
power
*) 
(MW) 
Difference 
in 
percentage 
1  19.21  19.57  1.84 %  19.21  19.75  2.73 % 
2  19.07  19.48  2.10 %  19.34  19.63  1.48 % 
3  18.94  19.39  2.32 %  18.94  19.63  3.52 % 
4  19.07  19.50  2.21 %  19.07  19.75  3.44 % 
5  19.34  19.69  1.78 %  19.21  19.88  3.37 % 
6  19.34  19.79  2.27 %  5.83  6.42  9.19 % 
7  19.34  19.78  2.22 %  0  0.00  0 
8  19.34  19.78  2.22 %  0  0.00  0 
9  19.34  19.76  2.13 %  0  0.00  0 
10  19.34  19.79  2.27 %  0  0.00  0 
11  19.34  19.80  2.32 %  0  0.00  0 
12  19.34  19.76  2.13 %  0  0.00  0 
13  19.34  19.84  2.52 %  0  0.00  0 
14  19.34  19.73  1.98 %  0  0.00  0 
15  19.34  19.76  2.13 %  0  0.00  0 
16  19.34  19.78  2.22 %  0  0.00  0 
17  19.34  19.77  2.18 %  0  0.00  0 
18  19.34  19.75  2.08 %  0  0.00  0 
19  19.21  19.70  2.49 %  0  0.00  0 
20  19.34  19.58  1.23 %  0  0.00  0 
21  19.21  19.74  2.68 %  8.87  8.83  -0.45 % 
22  19.34  19.55  1.07 %  9.67  9.83  1.63 % 
23  19.34  19.70  1.83 %  9.67  9.88  2.13 % 
24  19.21  19.61  2.04 %  9.67  9.88  2.13 % 
25  19.07  19.58  2.60 %  9.67  9.88  2.13 % 
26  17.94  18.26  1.75 %  15.23  15.50  1.74 % 
27  19.34  19.71  1.88 %  19.34  20.08  3.69 % 
28  19.34  19.78  2.22 %  15.37  16.17  4.95 % 
29  19.34  19.69  1.78 %  19.34  19.96  3.11 % 
30  19.34  19.65  1.58 %  19.34  20.00  3.30 % 
*)Source: PGE Lahendong 2008b 
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As seen in table 5.29, the difference between the calculated power and actual 
power for Unit 1 is small that ranges from 1.07% to 2.68%. All values of the 
calculated power are lower than of the actual power. For unit 2, the differences are 
more varied. This happened probably because during June 2008, the power plant 
was not operated in its maximum performance to produce electricity (see the 
explanation after Table 5.17 above). 
The highest difference value for Unit 2 occurred in day 6 that is 9.19%. The 
calculated power of each day is lower than the actual power except that in day 21 
(-0.45%).  
 
5.6 Limitations of the Calculation Methods 
In the calculation, the values of some parameters are assumed whereas the 
assumptions are not really suitable for the actual processes of generating 
electricity in the power plant. For instance, the calculation is based on the ideal 
thermodynamic processes. In fact, there are no ideal thermodynamic processes 
happening in the actual operation of a power plant. Furthermore, some values, 
such as isentropic turbine efficiency and generator efficiency, are taken from 
literatures, because the complete data of processes and equipment in the power 
plant are not provided. In addition, sudden changes of parameters’ value, e.g. 
separator temperatures and condenser temperatures that could happen in the actual 
operation of the power plant due to equipment failures, etc., cannot be anticipated 
in the calculation. 69 
 
Accordingly, as seen in Table 5.29, the value of the calculated electrical power 
will never be the same with the actual electrical power produced by the power 
plants. Nevertheless, the discrepancy between the two values is still acceptable. 
The calculation is also performed in a range of separator temperatures and sink 
temperatures, using multiplies of 5
oC. Accordingly, the exact optimum separator 
temperature and sink temperature cannot be precisely determined.  
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Chapter 6 Conclusion 
 
  Geothermal energy is set to make an increasing contribution to Indonesia’s 
energy supply.  
  Reservoir temperature, separator temperature, sink temperature, quality and 
flow rate of the geofluid  are the main factors determining the  power 
production of production wells  in a geothermal field. Higher reservoir 
temperature of production wells will produce better quality of geofluid in a 
separator, so the separator can deliver more steam to a turbine to produce 
electricity. Temperature of geofluid at a condenser (sink temperature) should 
be set as low as possible so that it can produce maximum difference of 
temperatures between a separator and a condenser, which indicates the work 
produced by the turbine to generate power. The optimum separator 
temperature can be obtained by conducting a series of calculations for a given 
set of reservoir and sink conditions in a single flash power cycle. 
  The performance of the equipment of a geothermal power plant is essential in 
generating electricity. Equipment failures will reduce significantly electricity 
production of a power plant, even though the quality and quantity of the 
steam supplied by production wells are good.  
  Based on monitoring data of June 2008 at Lahendong geothermal field, the 
minimum  specific gross electrical power is produced by LHD-18 (26.12 
kW/(kg/s)) when its reservoir temperature is 171.4
oC at sink temperature of 
60
oC. The maximum value is 128.56 kW/(kg/s) produced by LHD-17 at 71 
 
reservoir temperature of 286.5
oC and sink temperature of 45
oC. These values 
are calculated at their optimum separator temperatures. 
  In normal condition, when the mass flow rate of the steam is in a range of 143 
to 146 tonnes/hour, the seven production wells in Lahendong geothermal 
field on June 2008 could produce 14.13 MW to 21.33 MW of electricity for 
each of geothermal power plant Unit 1 and Unit 2 in a range of separator 
temperatures from 150
oC to 190
oC, and a range of sink temperatures from 
45
oC to 60
oC. 
  Most of the values of the calculated gross electrical power are slightly lower 
than of actual electrical power generated by geothermal power plant Unit 1 
and  Unit  2. The discrepancy occurs because the calculation is performed 
based on the ideal thermodynamic processes, and also the assumptions used 
for the values of some parameters in the calculation are not suitable with the 
actual condition of the power plants. 
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Appendix 
 
Properties of Saturated Water: Temperature Table (Moran and Shapiro 2008, 817) 
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Properties of Saturated Water: Temperature Table (continued) 
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Properties of Saturated Water: Pressure Table (Moran and Shapiro 2008, 819) 
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Properties of Saturated Water: Pressure Table (continued) 
 
 
 